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, reduced nutrition absorption and negative impacts on gut health and overall performance [8] [9] .
Using exogenous feed enzymes to breakdown the NSPs is one of the most widely studied strategies to solve this issue. The global feed enzyme market is worth a reported $550 million US dollars and saves the industry approximately $3-5 billion per year [10] . Studies that have evaluated the efficacy of exogenous feed enzymes have typically used a model that includes an industry-type diet (positive control), a reduced energy diet (negative control), and the same negative control diet supplemented with a nonstarch polysaccharide-degrading enzyme (NSPase). The energy reduction of the negative control diet in these types of studies is typically accomplished through the inclusion of an inert filler ingredient. Inert fillers reduce the ME without increasing the substrate available to the NSPase. Some researchers have reduced the energy level without adding inert fillers by decreasing the fat content from the positive control while increasing the percentage of corn [11] . However, this methodology may change the substrate available to the NSPase being studied compared with using inert fillers. Sand and diatomaceous earth (DIAE) are the most commonly used inert fillers [12] [13] [14] [15] [16] [17] . Sand has an average particle size of 250 to 500 micrometer, compared with DIAE which ranges from 8 to 250 micrometer [18] [19] .
No studies have been conducted to specifically evaluate whether the different inert fillers can affect the experimental results when added into reduced energy diets (negative control diets) for the purpose of evaluating NSPase. In general, providing diets with suboptimal nutrient balance impairs the performance of broilers [20] . Also, the ratio between macronutrients has a major effect on performance, and diets with a high energy-to-protein ratio promote energy retention [21] . Fillers with larger particle size may provide a grit effect in the gizzard, which will increase the energy digestibility of feeds in the intestine [22] . Research has also shown that DIAE has no independent effect on feed intake and FCR [23] .
The objective of this study was to determine the effects of using either sand or DIAE as the inert filler while changing energy-to-protein ratio in broilers, and to evaluate if doing either may confound the results in energy enzyme efficacy studies by reducing the difference observed between the standard and low energy control diets.
MATERIALS AND METHODS

Experimental Birds and Housing
The experiment was conducted at the Poultry Research Center of the University of Georgia and the protocol was approved by the University of Georgia Institutional Care and Use Committee. Birds were housed in thermostatically controlled Petersime battery brooder units with raised wire floors in an environmentally controlled room.
A total of 225 straight-run Cobb-Cobb broilers were obtained on the day of hatch from a local commercial hatchery. Five birds were randomly selected for placement into one of the 45 pens. Initial weights per pen were controlled to be within ±10 g of the total average flock weight of five birds. Treatments were assigned to pens such that each treatment had equal representation throughout the rearing room. All birds were allowed ad libitum access to feed (fed in mash form) and water. Feed consumed during the last 48 h was mixed with 0.2% titanium dioxide (TiO 2 ) as an indigestible marker.
Experimental Design and Diets
The experimental design consisted of one control treatment (3,050 ME kcal/kg, 220 CP g/kg) and a 2 × 2 factorial arrangements with 2 energy-to-protein levels (2,850 ME kcal/kg, 205 CP g/kg or 2,850 ME kcal/kg, 220 CP g/kg) and 2 inert fillers (sand or DIAE) yielding a total of 5 treatment groups (Table 1) , with each treatment consisting of 9 replicates. Corn, soybean oil and dehulled soybean meal were the primary energy and protein sources for all treatments. Except for the control treatment, all other treatments had a 200 kcal/kg ME reduction in the energy level. Treatment 2 and 3 had the protein levels adjusted so that the energy-to-protein ratios were the same as the control diet (which was 14 kcal ME/g CP). Treatments 4 and 5 also had the same energy reduction, but the protein levels of these diets were left unchanged, leading to a disrupted energy-to-protein ratio (which equaled 13 kcal ME/g CP). 
Sampling and Analysis Procedure
Broilers were fed the experimental diets for a period of 21 days, with weekly pen BW and feed intake measured for determination of BW and FCR adjusted for mortality. A productivity index (PI) was calculated using the following equation:
Ileal digesta were collected on d 21 and dried at 100
• C for 24 h and ground for analysis [24] . The CP and GE in all of the feed and digesta samples were determined using AOAC International methods [25] . TiO 2 concentration was determined using a modified procedure outlined by Short et al. [26] at the University of Georgia Agricultural and Environmental Services Laboratories (Feed and Environmental Water Laboratory, Athens). Ileal digestible energy (IDE) and ileal energy digestibility coefficient (IEDC) were calculated using the following equations [27] :
where
where NT represents kcal in sample, Ti represents the percentage of titanium, with the subscript "i" representing the ileal contents and subscripts "d" representing the diet.
Statistical Analysis
All data were analyzed via a 2 × 2 factorial plus the one control treatment using the ANOVA GLM procedure (SAS Institute; Cary, NC, USA). In case of the presence of a significant interaction, data were analyzed using a oneway ANOVA. Main effect and treatment means were deemed significant at P ≤ 0.05 and separated using Duncan's Multiple Range Test.
RESULTS AND DISCUSSION
The effect of dietary treatment on BW, mortality-adjusted FCR, PI and mortality are shown in Table 2 . According to the main effect of filler, the control treatment had significantly higher BW (P < 0.05) compared with the reduced energy treatments on d 21. Birds fed higher-density starter diets are significantly heavier than those fed lower density diets in an experiment that compared different energy concentrations while still maintaining a constant ME-to-CP ratio in broilers at d 21 [28] . There was no significant difference among the treatments for adjusted-mortality FCR. No significant differences for PI and mortality were observed in the treatments with reduced ME. Hidalgo et al. [29] reported that there was no difference on broiler FCR and mortality when ME concentration was increased in the diet with the same ME-to-CP ratio on d 17. When adding sand as the inert filler in a xylanase study, Barrios et al. [30] found no differences on broiler performance in the reduced energy diet (enzyme mixed with negative control diets) compared with their control treatment (positive control diet). The hypothesis from the current study may provide the reason, which is that sand contributes a beneficial independently effect on growth and confounds enzyme study results. The BW in this study showed significant differences only on d 21 (P < 0.05). Santoso [31] thought that birds with severe nutrient reduction do not compensate completely in their early life. This also may have occurred because the feed intake of the birds changed when fed with lower ME content diet [32] . Fossil shell (diatomaceous earth) inclusion had no significant influence on feed intake and FCR in broilers [23] , which explained the mild effect for adding DIAE into the diet. Table 3 shows the ileal energy digestibility of the experiment. There was a significant interaction between filler and ratio (P < 0.05). Among each individual treatment, the control treatment showed significantly higher (P < 0.05) IDE and IEDC compared to all reduced energy treatments. For IDE results, DIAE with a disrupted energy-to-protein ratio (which equaled 13 kcal ME/g CP) treatment had the lowest digestibility value 2,302 kcal/kg (P < 0.05). Based on the main effect of filler type, Table 2 . Body weight, mortality corrected feed conversion ratio, mortality and productivity index of the experiment.
Item Means with different superscripts within a column differ significantly (P < 0.05). treatments with sand had significantly higher IDE (2,551 vs 2,470 kcal/kg) and IEDC (0.662 vs 0.633) than the DIAE treatments (P < 0.05). It has been shown that the feed intake in birds fed nutrient-reduced diets was numerically greater, which reduced nutrient digestibility coefficient was reflected in reduced nutrient efficiency [33] . Rowland and Hooge [34] have found that sand in the diet can improve feed utilization of young broilers. This may also explain why it was that among the two disrupted energy-to-protein ratio treatments (sand/DIAE with 13 kcal ME/g CP), when sand was used as the filler, there were significantly greater IDE (2,694 vs 2,302 kcal/kg) and IEDC (0.700 vs 0.587) than the DIAE treatments (P < 0.05). Based on these growth and energy digestibility results, DIAE may contribute less of an effect on BW and IDE than sand when added as an inert filler in reduced energy diets. The methodology of NSPase efficacy studies typically disrupts the energy-to-protein ratio when reducing energy in negative control diet, which was similar to our 13 kcal ME/g CP treatments. Therefore, DIAE may be less likely to confound the real effect of the enzyme in the overall results. Additionally, DIAE has been used as inert filler in amino-acid deficient studies [35] and nutrient digestibility studies [36] . Some researchers have also used DIAE as an acid-insoluble and ash digestibility marker [37] and premix carrier in organic diets [38] .
CONCLUSIONS AND APPLICATIONS
1. Reducing dietary energy negatively influenced broiler performance. 2. Adding sand as an inert filler has an independently beneficial effect on BW and ileal energy digestibility. 3. Diatomaceous earth may be a more appropriate source of an inert filler to replace fat in the reduced-energy diets (negative control) that have a disrupted energy-to-protein ratio, which is the common methodology used in NSPase efficacy studies.
